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Objective

A two-electron reductase known as NQO1 [NAD(P)H quinone oxidoreductase 1] is regarded as an excellent anticancer target. Studies have found that rs1800566 polymorphism of NQO1 is linked to different cancers, but their associations remain controversial.



Methods

In the present work, we selected to do a comprehensive meta-analysis to analyze their correlation. We performed searches on PubMed, Embase, Google Scholar, Chinese database, and Web of Science. The results we obtained covered all publications before April 3, 2022.



Results

There were 176 case-control studies among them, with 56,173 corresponding controls and 43,736 cancer cases. We determined that the NQO1 rs1800566 polymorphism was not related to the cancer risk by calculating 95% confidence intervals and odds ratios. However, stratified genotyping showed that this polymorphism was protective against hepatocellular carcinoma, renal cell carcinoma, and gastric cancer. In addition, on dividing cancer into six systems, the association with gastrointestinal cancer decreased. In the race-based subgroup, a decreasing trend was observed in Asians, while an increasing trend was found among Caucasians, Africans, and mixed populations. The decreased correlation in the hospital-based subgroup was also detected.



Conclusion

Current study shows that rs1800566 polymorphism of NQO1 was linked to cancer susceptibility and maybe as a tumor marker in their development.
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Introduction

Cancer is the leading cause of mortality globally, making it difficult to increase the average lifespan. According to 2019 statistics from the WHO, cancer is one of the major or secondary reasons behind death for people before age 70 in 112 of 183 countries (1). Global population growth and an increase in life expectancy led to an increase in cancer incidence and death rates in epidemiological statistics. It is influenced by social and economic development factors along with changes in the prevalence and carcinogenic factors distribution (2). Cancer is caused primarily by genetic and environmental factors (1).

One prevalent sequence variation type in the human genome is called a single nucleotide polymorphism (SNP) (3). SNPs are abundant in the human genome, numbering more than 10 million (4). The selective maintenance of point mutations in populations is an important reason for the occurrence of SNPs, and their frequency is determined by four factors, including the time after mutation, the evolutionary pressure associated with significant functional variations in organisms, and random genetic drift and bottleneck events (5). There are millions of SNPs in the human genome, most of which can’t alter gene expression or function. The main challenge is to select SNPs that may affect phenotypic function and ultimately lead to disease development (6). Recent studies showed that SNPs associated with cancer risk through affecting the expression levels of nearby genes (7). At present, the treatment of cancer is no longer limited to traditional surgeries, chemotherapy, radiotherapy, etc. Targeting actionable initiates in oncogene-driven cancer and immuno-oncology dramatically increases the diversity of cancer therapy (8). Based on above information, the research on SNPs of multiple genes may help to develop effective treatment.

NAD(P)H quinone oxidoreductase 1 (NQO1) is a two-electron reductase responsible for detoxification of quinones and also bioactivation of certain quinones. It is encoded by the NQO1 gene and is mapping to chromosomal location 16q22.1 (9). In a variety of tumors, NQO1 has been shown to be overexpressed and capable of bioactivating certain quinone substrates, which means it is an ideal target for cancer treatment (10). The association between NQO1 and the cancer suppressor p53 has been more deeply studied. NQO1 physically interacts with p53 and p73 in an NADH-dependent manner and protects them from 20S proteasome degradation (11). NQO1 and proteasome 20S have a feedback loop that inhibits each other. The rs1800566 polymorphism may reduce the level of NQO1 protein in cell lines and tissues of homozygous organisms, resulting that the tumor suppressor p53 is no longer protected, thus promoting tumor formation (12). NQO1 has been found to have many polymorphisms, among which the most studied have been focused on the rs1800566 site. The study found that patients who were CT carriers of NQO1 rs1800566 needed a 13% higher dose of warfarin than those who were CC carriers (13). Similarly, studies in cancer showed that rs1800566 polymorphism of NQO1 was an important risk factor for hepatocellular carcinoma (14). In another cancer study, the NQO1 rs1800566 polymorphism has been linked with poorer response to drugs of chemotherapy. Several studies have since reported links between rs1800566 polymorphisms and other cancer types. We performed a comprehensive analysis including 43,736 cancer cases and 56,173 controls genotyping of the rs1800566 polymorphism of NQO1 to assess the effect of this functional SNP on cancer susceptibility. Since the product of NQO1 gene expression is believed to exert universal antioxidant and cellular protective effects in tissues, our study will help to elucidate the effect and biological significance of this gene polymorphism on overall cancer risk. The NQO1 gene rs1800566 polymorphism has been widely discussed in the literature as a related risk factor in cancer. Although two previous meta-analyses (Guo (15) and Ding (16)) has been reported about NQO1 gene rs1800566 polymorphism, they focused on single cancer type, included a small samples, went short of comprehensive subgroups. Besides, in 2013, Lajin et al. performed a similar analysis involved 92 studies including 21178 cases and 25157 control, some limitations also existed: relatively small sample size, a small number of positive results (17). In the past ten years, a larger number of studies have been published, combined the vital role of this gene polymorphism, it is necessary to update this association. We wish to obtain some new discovery. Our present study was based on larger samples and multiple subgroup analysis, including its expression and overall survival analysis and meta-regression analysis.



Materials and methods


Finding and analyzing appropriate studies

Search terms for ‘NQO1’ or ‘NAD(P)H quinone reductase 1’, ‘cancer’ and ‘polymorphism,’ were used to scour Google Scholar, the Chinese database, Embase, Web of Science and PubMed (last updated: April 3, 2022). There were 15222 articles searched using these terms, and finally, 176 articles met the criteria. A manual search of references for the review articles was also conducted.



Inclusion and exclusion criteria

In this review, cancer risk was evaluated, case-control studies were included, and each group had enough genotypes to be included in the analysis (cases and controls). We also excluded studies that (a) did not employ a control sample, (b) did not provide genotype frequency, or (c) were similar with those already published.



Data extraction

Separately, two authors-based selection criteria were employed to retrieve these data. Data was collected on the surname of the first author, publication year, the cancer type, the country of origin, the control subject’s ethnicity, the number of controls and cases, the degree to which the control subjects were in the genotyping techniques, and Hardy Weinberg equilibrium (HWE) employed.



Statistics analysis

Stratification by cancer type was the first step. There are two or more studies in each subgroup. Moreover, we grouped cancer into six systems: urinary system cancer, digestive cancer, gynecological cancer, hematological cancer, respiratory cancer, and head-neck cancer. Asian, African, Caucasian, and Mixed individuals were divided into four ethnic groups. According to their origins, an analysis of the hospital-based and population-based (PB) control subgroups was conducted. Based on the distributions of the genotypes of cases and controls, we determined odds ratios (OR) and 95% confidence intervals (CI) for the association between the NQO1 rs1800566 polymorphism and cancer risk. In order to examine the OR as a whole, a Z-test was performed (18). Heterogeneity was evaluated using chi-squared Q-tests, the P value was larger than 0.05, hence there was no indication of statistically significant heterogeneity across the trials. To account for potential considerable heterogeneity, we used the random-effects model; nonetheless, we relied on the fixed-effects approach (19, 20). Moreover, dominant genetic model (CC+CT vs. TT), recessive genetic model (CC vs. CT+TT), homozygote comparison (CC vs. TT), allelic contrast (C-allele vs. T-allele), and heterozygote comparison (CT vs. TT) were used to examine the relationship between the NQO1 rs1800566 cancer risk and genetic variation. The HWE in the control groups was calculated using Pearson’s chi-square test. Using the Egger regression test and Begg’s funnel plots, publication bias was calculated (21). Additionally, Stata software 11.0 (StataCorp LP, College Station, TX) was used to conduct the statistical analyses for our meta-analysis.



Meta-regression

A random effect meta-regression analysis was used to determine the cause of the publishing bias; the independent variable was the publication year as a subgroup, race, control source, and genotype method, while the values of log was considered as the dependent variable (22).



Bioinformatics analysis

GEPIA (http://gepia.cancer-pku.cn/) provides information about NQO1 expression in most types of cancer and adjacent tissues. In addition, statistics on NQO1 expression levels, such as disease-free and overall survival, are available.




Results


Meta-analysis study characteristics

Identification of multiple databases including 15233 articles, and after careful screening, we included 167 different articles (retrieved on April 3, 2022). Subsequently, we excluded nine unrelated articles, three articles related to tumor drugs and 11 meta-analyses. Then, 144 articles (176 case-control studies), including 30 Chinese language papers were confirmed. Among them, 20 case-control studies were deficient complete genotyping data or were not according with HWE principle. Finally, 156 case-control studies related to NQO1 rs1800566 polymorphism and cancer risk were obtained (Figure 1). In Supplementary Table 1, all information concerning the literature was presented, including first author, number of controls and cases, cancer type, year of publication, ethnicity, genotyping method, and control sources. Among the case-control studies retrieved, 43,736 cases and 56,173 controls were included, and the control group comprised mainly healthy people. Among them were 82 Asian, six African, 83 Caucasian, and five mixed population studies. One hundred and fifteen studies were based on HB source, while 61 were from PB. The minor allele frequency (MAF) of this locus in six major global populations were analyzed in 1000 Genomes Browser (https://www.ncbi.nlm.nih.gov/snp/rs1800566) (Supplementary Figures 1A, B). To retrieve the polymorphism of rs1800566, we also applied the TCGA database and the results showed that TT(AA) frequency was the highest among the three genotypes (Supplementary Figure 1C). Cancers of the heart, lung, colon, prostate, and skin have all been associated to this polymorphism (https://www.gtexportal.org/home/) (Supplementary Figure 1D). In twenty studies, genotypes were not determined based on HWE. The expression of NQO1 was significantly different between cancer and normal tissues in seventeen kinds of tumors (Figure 2A). Among above, the expression of NQO1 was higher in cancer than normal tissue (P<0.05), such as liver hepatocellular carcinoma (LIHC) and lung squamous cell carcinoma (LUSC) (Figure 2B). In addition, higher expression of NQO1 in LIHC patients may had significantly poor overall survival from Kaplan-Meier (Figure 2C).




Figure 1 | Flow chart about the search and screening strategies for NQO1 rs1800566 polymorphism studies from several database.






Figure 2 | Bioinformatics study of the NQO1 gene. (A) profile of the NQO1 gene’s expression in each tumor sample and its matched normal tissues. The expressing of NQO1 in many different types of cancer (Red represents high expression, green represents low expression, and black represents no significantly difference). (B) NQO1 gene expression in both the LIHC and the LUSC. (C) Analysis of LIHC overall survival, the expression level of NQO1 was negatively correlated with the overall survival rate of patients with LIHC. ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC, lymphoid neoplasm diffuse large B-cell lymphoma; ESCA, esophageal carcinoma; GBM, glioblastoma multiforme; HNSC, head and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LAML, acute myeloid leukemia; LGG, brain lower grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; MESO, mesothelioma; OV, ovarian serous cystadenocarcinoma; PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; TGCT, testicular germ cell tumors; THCA, thyroid carcinoma; THYM, thymoma; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma; UVM, uveal melanoma. *:p < 0.05.





Meta-analysis

The total risks of 43736 cancer cases and 56173 controls of NQO1 rs1800566 polymorphism are summarized in Table 1. Overall data showed that there was no significant association between NQO1 rs1800566 polymorphism and cancer susceptibility in all genetic models. However, significantly decreased associations were detected in cancer type subgroup (renal cell carcinoma: C-allele vs. T-allele, OR = 0.72, 95%CI = 0.56-0.94, Pheterogeneity = 0.491, P = 0.014; hepatocellular carcinoma: C-allele vs. T-allele, OR = 0.65, 95%CI = 0.49-0.87, Pheterogeneity < 0.001, P = 0.003, Figure 3; gastric cancer: C-allele vs. T-allele, OR = 0.77, 95%CI = 0.61-0.95, Pheterogeneity < 0.001, P = 0.017). When the studies were split into six systematic groups, a significantly decreased association between this polymorphism and digestive cancer was also detected (CT vs. TT, OR = 0.81, 95%CI = 0.66-1.00, Pheterogeneity <0.001, P = 0.049, Figure 4). A decreased risk was found for Asians in the ethnic subgroup (C-allele vs. T-allele, OR = 0.59, 95%CI = 0.51-0.68, Pheterogeneity < 0.001, P < 0.001, Figure 5). On the other hand, we observed significant associations in Caucasian population (C-allele vs. T-allele, OR = 1.27, 95%CI = 1.10-1.48, Pheterogeneity < 0.001, P = 0.001, Figure 6), Africans (C-allele vs. T-allele, OR = 1.74, 95%CI = 1.07-2.84, Pheterogeneity < 0.001, P = 0.026, Figure 7) and Mixed-race population (CT vs. TT, OR = 1.76, 95%CI = 1.26-2.45, Pheterogeneity = 0.420, P = 0.001, Figure 8). In addition, we assessed the OR for the NQO1 rs1800566 polymorphism based on stratification by source of control, and found decreased relationship in HB (C-allele vs. T-allele, OR = 0.81, 95%CI = 0.71-0.92, Pheterogeneity < 0.001, P = 0.001, Figure 9).


Table 1 | Stratified analysis of NQO1 rs1800566 C/T variation on cancer susceptibility.






Figure 3 | Forest plot about the relationship between the risk of HCC and the NQO1 gene rs1800566 polymorphism (C-allele vs. T-allele model). There were significantly decreased association between NQO1 polymorphism and HCC susceptibility. The squares and horizontal lines correspond to the study-specific OR and 95% CI. The area of the squares reflects the weight (inverse of the variance). The diamond represents the summary OR and 95% CI.






Figure 4 |  A forest plot showing the relationship between the NQO1 gene’s rs1800566 polymorphism and digestive cancer. There were significantly decreased association between NQO1 polymorphism and digestive cancer. The squares and horizontal lines correspond to the study-specific OR and 95% CI. The area of the squares reflects the weight (inverse of the variance). The diamond represents the summary OR and 95% CI.






Figure 5 | The relationship between cancer risk and rs1800566 polymorphism in the NQO1 gene in Asian population (C-allele vs. T-allele model). There were significantly decreased association between NQO1 polymorphism in Asian population. The squares and horizontal lines correspond to the study-specific OR and 95% CI. The area of the squares reflects the weight (inverse of the variance). The diamond represents the summary OR and 95% CI.






Figure 6 | The relationship between cancer risk and the rs1800566 polymorphism in the NQO1 gene in Caucasians (C-allele vs. T-allele model). There were significantly increased association between NQO1 polymorphism in Caucasian population. The squares and horizontal lines correspond to the study-specific OR and 95% CI. The area of the squares reflects the weight (inverse of the variance). The diamond represents the summary OR and 95% CI.






Figure 7 | The relationship between cancer risk and the NQO1 gene rs1800566 polymorphism in Africans (C-allele vs. T-allele model). There were significantly increased association between NQO1 polymorphism in African individuals. The squares and horizontal lines correspond to the study-specific OR and 95% CI. The area of the squares reflects the weight (inverse of the variance). The diamond represents the summary OR and 95% CI.






Figure 8 | The relationship between cancer risk and the NQO1 gene rs1800566 polymorphism in mixed-race populations (CT vs. TT). There were significantly increased association between NQO1 polymorphism in Mixed population. The squares and horizontal lines correspond to the study-specific OR and 95% CI. The area of the squares reflects the weight (inverse of the variance). The diamond represents the summary OR and 95% CI.






Figure 9 | Forest plot about association between NQO1 gene rs1800566 polymorphism in HB subgroup (C-allele vs. T-allele model). There were significantly decreased association between NQO1 polymorphism in HB subgroup. The squares and horizontal lines correspond to the study-specific OR and 95% CI. The area of the squares reflects the weight (inverse of the variance). The diamond represents the summary OR and 95% CI.





Publication sensitivity and bias analysis

To assess publication bias, Begg’s and Egger’s tests were used. There was no indication about publication bias in both tests (such as C-allele vs. T-allele, t = 0.02, P = 0.986 for Egger’s test; and z = 0.78, P = 0.434 for Begg’s test, Figures 10A, B) (Table 2). To find out whether progressively deleting each individual study had an impact on the pooled OR, a sensitivity analysis was carried out. According to the results, no single study had a significant effect on the overall OR (Figure 10C).




Figure 10 | (A) Begg’s funnel plot for publication bias (C -allele vs T-allele). (B) The plot of Egger’s publishing bias (C -allele vs T-allele). (C) The sensitivity analysis between NQO1 rs1800566 polymorphism and HCC risk (C allele vs T-allele).




Table 2 | Publication bias tests (Begg’s funnel plot and Egger’s test for publication bias test).





Meta-regression

Meta-regression analysis was applied to access if the heterogeneity was found in the current study. Based on the final analysis, the regression coefficients of allele models based on ethnicity and source of control (C allele vs. T allele) were both less than 0.05, which indicated that heterogeneity may be generated from ethnicity or source of control subgroup (Figure 11).




Figure 11 | Random-effect meta-regression was used to examine the log odds ratio in relation to publication year (A), regular ethnicity (B), source of control (C), and genotyping methodologies (D).






Discussion

Numerous studies have confirmed that redox-regulated flavoenzyme NQO1 can monitor the redox status in cells and protect against oxidative stress and carcinogenesis by stabilizing p53. NQO1 was first discovered to be inducible by a variety of compounds, and many of which showed cancer-fighting properties (23). Many studies have shown that rs1800566 polymorphism in NQO1 gene was significantly linked with a variety of tumors, and many factors may influence, including origin, ethnicity, and environmental susceptibility. However, the results have been inconsistent or showed insignificant correlations partly due to low sample sizes or signal tumor type, although several meta-analyses have been reported. Our comprehensive study between cancer susceptibility and NQO1 rs1800566 polymorphism was tried best to conduct convince conclusions based on a larger sample size.

The interaction between genes and the environment is believed to play a vital role in the etiology of many types of cancer. Many components of known environmental risk factors, including environmental tobacco smoke and environmental air pollution, are metabolized into more carcinogenic or detoxifying products in the organism (24). NQO1 may have carcinogenic and mutagenic effects caused by quinone and its metabolic precursors (25). Benzene is an occupational blood toxin, NQO1 can convert benzene-derived quinones to less toxic hydroquinones (26). Zhang et al. also proved that NQO1 rs1800566 CC genotype can save 1,4-BQ (Benzoquinone) induced DNA damage through experiments (27), and this benzene metabolite is believed to be related to bone morrow toxicity and leukemia. Lung cancer is also associated with the metabolism of some carcinogens, such as Benzo(a)pyrene (BP), and the formation of BP quinone-DNA adduct is prevented by NQO1 (28). Cigarette smoke is the main source of airway oxidative stress. The disappearance of antioxidant/oxidant homeostasis leads to the development of lung inflammation and tumor. In addition, the homeostasis of NQO1 is also affected by cigarette smoke (29). Nevertheless, in above process, NQO1 not only provides detoxification, but also participates in the metabolic reduction of some carcinogens, for example, dicoumarol (an inhibitor of the NQO 1 activity) partially prevents the metabolic activation of some promutagens (30). The NQO1 rs1800566 polymorphism led to the replacement of proline to serine, thus resulted in a significant reduction in its enzyme activity (31), which may participate in above biological process. Besides, NQO1also acts as a stabilizer for tumor suppressors, which may play a role in carcinogenesis (32). Whether NQO1 exclusively serves as a protective enzyme or plays a role in generating reactive metabolites, it should be investigated through toxicity, mutagenicity for cancer development.

Beta-lapachone (an o-naphthoquinone) induces a novel caspase- or p53-independent apoptotic pathway dependent on NQO1, which can target high level enzymes in various tumors, thus showing great application prospects, however, there are also several drawbacks, such as toxicological effects in normal tissues (33). It is possible to develop a precursor drug that can only be converted into Beta-lapachone in the tumor microenvironment, but also increase the target of Beta-lapachone. The combination β-lap and other therapeutic strategies can also expand clinical application and improve the therapeutic effect (34–36). The role of Beta-lapachone depends on NQO1 activity. NQO1 activity and protein expression level can be obtained through tumor biopsy, but NQO1 protein expression is affected by many factors. Single biopsy result may not be accurate, which may influence the therapeutic effect (37). The effect of Beta-lapachone depends on the production of active oxygen species, which in NRF2/KEAP1 mutant cells will be actively eliminated, finally, resulting in drug resistance. Drug resistance needs to be eliminated by inhibiting the thioredoxin-dependent system or copper-zinc superoxide dismutase (38). The application of Beta-lapachone has inspired us in many research directions. So far, many drugs targeting NQO1 have been opened up, and their target and efficacy have been enhanced. The focus of our article about NQO1 rs180566 polymorphism may help for clinical diagnosis and treatment of tumors.

Subsequently, neither NQO1 rs1800566 polymorphisms nor any other NQO1 polymorphisms were found to be substantially linked with tumor risk in the genetic model. However, when we divided the subgroups, we noticed significantly decreased associations were found among renal cell carcinoma, hepatocellular carcinoma, gastric cancer and NQO1 rs1800566 polymorphism. Moreover, in the ethnicity subgroup, NQO1 rs1800566 polymorphism played as a protective role in Asians, while completely opposite correlations were observed in Caucasian, African, and mixed populations. When the subgroups were divided according to the source of the control group, the source of PB was correlated significantly with NQO1 rs1800566 polymorphism. This is not exactly the same as the results of Lajin et al. (17). In their study, on stratifying by cancer subgroup, they found significantly increased correlation between two type of cancer (bladder cancer and gastric cancer) and NQO1 polymorphism. But our study the significantly decreased associations were found in renal cell carcinoma, gastric cancer, and hepatocellular carcinoma. In the analysis of subgroups stratified by race, they found that there was a statistically significant correlation among Caucasian subgroups. The correlation in the TT vs. CC model was the strongest, and we obtained the same results. In addition, we also found that African and mixed populations also showed significant increased correlations for NQO1 rs1800566 polymorphism. More importantly, we found that the significantly decreased correlation in Asian subgroup. The possible reasons of those results may be as follows: in the beginning, there was heterogeneity in the included population. Because we found that Caucasians showed high heterogeneity in some allele frequencies, and different ethnicities had different genetic structures. Second, Different populations may be susceptible to rs1800566 polymorphism. Third, environmental factors may play a greater role between rs1800566 polymorphism and tumors. Many studies have been believed that environmental factors lead to the change of alleles, which may be explained the inactivation of the NQO1 enzyme may change the susceptibility to some types of cancer. Fourth, there were a few samples from Africa, mixed population, and some types of cancer, possibility of false-positive results may be existed. The digestive system cancer had a weaker correlation with NQO1 rs1800566 polymorphism, which were classified malignancies into six different systems. This was contrary to the results from Upendra et al. (39), in which they showed that rs1800566 polymorphism of NQO1 was a risk factor for digestive system tumors. The reasons maybe: a possible heterogeneity among different individuals was proved in the same population; and due to the study from Upendra et al. (39), which were not included African and mixed populations.

In current study, we focused on one of rs1800566 polymorphism in the NQO1 gene, but in fact there had other sites that may affect tumor susceptibility, such as rs1131341, which were reported to be associated with an increased risk for acute lymphoblastic leukemias (ALL) (40, 41). This SNP can result in alternative splice sites of mRNA, deletion of exon 4 and to create a protein lacking the quinone binding site, for which enzyme activity differs according to the substrate (42). Although no study has proved rs1131341 polymorphism played a role in tumor other than ALL, another variant of high linkage disequilibrium (LD) may be the cause of these changes, and the difference in LD between populations can also be explained for the high heterogeneity.

Our study had some limitations. First, the combined effect of environment and NQO1 gene should be paid attention, but the impact of these factors was not described in this study. Moreover, the carcinogenic effect of a single factor in a certain population may be masked by other stronger carcinogenic factors, and there may be synergistic or antagonistic effects between various factors. Therefore, future studies should concentrate on how interact between the environment and NQO1 rs1800566 polymorphism. Third, we should help to establish a unified research model or database to obtain a larger sample size, exclude the influence of other factors, categorize more reasonable ethnic subgroups to eliminate heterogeneity as much as possible, comprehensive analyze multiple factors, and change the plan for examination and treatment according to different populations.



Conclusion

The present comprehensive meta-analysis suggested the NQO1 rs1800566 polymorphism was an important genetic factor in the risk of cancer, especially in Caucasians, moreover, decreased associations in gastric cancer, hepatocellular carcinoma and renal cell carcinoma were proved. More in-depth studies in the future should be confirmed between NQO1 rs1800566 polymorphism and cancer susceptibility.
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Supplementary Figure 1 | (A) The MAF for the NQO1 rs1800566 polymorphism from the online 1000 Genome. (B) C- and T-allele frequencies in the case and control groups. (C) The genotype distribution from the GTEx Portal website (the site’s main page is located at https://www.gtexportal.org). (D) The risk frequency of rs1800566 polymorphism in many types of diseases from TCGA database.
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Togor coef. std. Err. T et [95% Conf. Intervall Togor coef.  std. Err. © et [95% conf. Intervall
varz | -.3374423 .1284022 -2.63 0.009 . 0837853 varz | .0504705  .053527  0.94 0.347 0552715 .1562125
_cons 4603813 .2240285  2.06 0.042  .0178158  .9029469 _cons | -.2643559 .1778228  -1.49 0.139  -.6156427  .0869309
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Total

HWE

Cancer Type (1)

renal cell carcinoma
prostate cancer
pancreatic cancer
ovarian cancer
multiple myeloma
lymphoma

lung cancer
leukemia

head and neck

cancer

hepatocellular
carcinoma

gastric cancer
esophageal cancer
colorectal cancer
crvical cancer
breast cancer
bladder cancer
Cancer Type (2)
Tumor of urinary
system

Digestive cancer
Gynecological

tumor

Hematological
tumors
Respiratory tumors

Head-neck tumors

Ethnicity

Asian

African

Caucasian

Mixed

Source of control

HB

PB

N

176

156

40

20

26

61

21

20

40

82

83

115

61

Case/

Control

43736/
56173

39417/
50405

304/470

1211/2319

581/559

1051/258

459/1279

1260/1067

9553/

14270

2084/2883

1904/2960

2002/1942

2083/2829

3981/5085

7868/9358

989/1390

3270/4392

4566/4546

6081/7335

16714/
19929

5223/6249

3803/5229

9553/
14270

1904/2960

18372/
26412

1227/2037

22868/
25893

1269/1831

28878/
36564

14858/
19609

C-allele vs.
T-allele

OR (95% CI) Py
P

0.90 (0.80-1.01) <0.001
0.076

0.90 (0.90-1.01) <0.001
0.076

072 (0.56-0.94)0.491
0.014

0.88 (0.44-1.77) <0.001
0.719

1.32 (0.55-3.17) <0.001
0.535

1.00 (0.76-1.32) 0.28
0.998

0.97 (0.42-2.27) <0.001
0.944

1.28 (0.82-2.01) <0.001
0.284

0.97 (0.68-1.37) <0.001
0.862

0.67 (0.37-1.21) <0.001
0.187

1.36 (0.83-2.25) <0.001
0226

0.65 (0.49-0.87) <0.001
0.003

0.77 (0.61-0.95) <0.001
0017

0.90 (0.78-1.03) <0.001
0.108

0.80 (0.50-1.27) <0.001
0.346

0.95 (0.67-1.36) <0.001
0.788

1.14 (0.82-1.58) <0.001
0451

1.06 (0.67-1.67) <0.001
0817

0.81 (0.58-1.12) <0.001
0.204

0.84 (0.70-1.01) <0.001
0.067

1.02 (0.76-1.36) <0.001
0.906

0.88 (0.61-1.26) <0.001
0.478

0.97 (0.68-1.37) <0.001
0.8621

0.90 (0.80-1.01) <0.001
0.226

0.59 (0.51-0.68) <0.001
<0.001

1.74 (1.07-2.84) <0.001
0.026

1.27 (1.10-1.48) <0.001
0.001

1.69 (0.99-2.89) <0.001
0.056

0.81 (0.71-0.92) <0.001
0.001

1.13 (0.90-1.42) <0.001
0.286

CTlvs. TT

OR (95% CI) Py,
P

0.89 (0.78-1.02)<0.001
0.095

0.89 (0.78-1.02)<0.001
0.095

0.74 (0.32-1.68)0.688
0.046

0.90 (0.50-1.63)0.003
0.728

1.06 (0.25-4.57)0.005
0.935

1.23 (0.61-2.48)0.717
0.563

1.25 (0.50-3.17)0.064
0.632

1.02 (0.53-1.99)0.003
0.948

1.19 (0.83-1.71) <0.001
0.353

0.60 (0.26-1.36) <0.001
0221

1.08 (0.67-1.73)0.212
0.767

0.66 (0.48-0.92)0.050
0.012

0.67 (0.51-0.95)0.001
0.024

0.88 (0.68-1.15) <0.001
0.352

0.84 (0.48-1.47) <0.001
0.540

0.81 (0.50-1.31)0.063
0.395

1.68 (0.90-3.13) <0.001
0.103

0.99 (0.56-1.76) <0.001
0.976

1.19 (0.83-1.71) <0.001
0.125

0.81 (0.66-1.00) <0.001
0.049

0.99 (0.70-1.40) <0.001
0.949

0.82 (0.52-1.29) <0.001
0.382

078 (0.57-1.07) <0.001
0353
1.08 (0.67-1.73)0.212
0.767

0.60 (0.51-0.71) <0.001
<0.001

1.88 (1.20-2.93)0.685
0.005

1.23 (1.00-1.50) <0.001
0.046

1.76 (1.26-2.45)0.420
0.001

0.78 (0.68-0.90) <0.001
0.001

1.23 (0.93-1.63) <0.001
0.146

Py, value of Q-test for heterogeneity test; P: Z-test for the statistical significance of the OR.

CCvs. TT

OR (95% CI) Py
P

0.81 (0.65-1.02) <0.001
0.069

0.81 (0.65-1.02) <0.001
0.069

0.55 (0.25-1.24)0.955
0.149

0.74 (0.20-2.81) <0.001
0.658

1.49 (0.18-12.73)
<0.001 0.714

1.20 (0.61-2.35)0.810
0.599

1.15 (0.22-6.01) <0.001
0.865

1.47 (0.56-3.83) <0.001
0433

1.11 (0.60-2.05) <0.001
0.751

041 (0.12-1.47) <0.001
0.171

1.64 (0.58-4.58) <0.001
0.349

0.45 (0.26-0.77) <0.001
0.003

0.60 (0.39-0.92) <0.001
0019

0.78 (0.58-1.06) <0.001
0.115

0.65 (0.25-1.71) <0.001
0.385

0.91 (0.45-1.81) <0.001
0.777

1.40 (0.72-2.72) <0.001
0.326

1.09 (0.44-2.71) <0.001
0.854

0.64 (0.34-1.19) <0.001
0.158

0.70 (0.50-0.99) <0.001
0.042

1.02 (0.59-1.78) <0.001
0.932

0.74 (0.36-1.51) <0.001
0.406

111 (0.60-2.05) <0.001
0751

1.64 (0.58-4.58) <0.001
0.349

0.36 (0.27-0.48) <0.001
<0.001

3.07 (1.36-6.91)0.032
0.007

1.46 (1.07-1.99) <0.001
0.018

2.82 (1.16-6.88) <0.001
0.022

0.67 (0.52-0.85) <0.001
0.001

1.33 (0.85-2.09) <0.001
0.212

CC+CT vs. TT

OR (95% CI) Py,
P

0.86 (0.72-1.02) <0.001
0.089

0.86 (0.72-1.02) <0.001
0.089

0.61 (0.27-1.34) 0.883
0.215

0.83 (0.30-2.31) <0.001
0.723

1.30 (0.20-8.57) <0.001
0.784

1.21 (0.62-2.36) 0.968
0.575

1.20 (0.35-4.10) 0.006
0.775

1.24 (0.57-2.69) <0.001
0.587

1.07 (0.67-1.71) <0.001
0.774

0.71 (0.22-2.27) <0.001
0.560

1.43 (0.62-3.30) <0.001
0.400

0.56 (0.38-0.83) 0.001
0.004

0.64 (0.45-0.92) <0.001
0.015

0.84 (0.64-1.10) <0.001
0.197

1.11 (0.93-1.32) <0.001
0.446

0.88 (0.49-1.59) 0.002
0.681

1.02 (0.49-2.14) <0.001
0.951

0.66 (0.36-1.21) <0.001
0.178

0.71 (0.44-1.14) <0.001
0.157

0.76 (0.58-1.00) <0.001
0.047

1.01 (0.65-1.57) <0.001
0.956

0.91 (0.49-1.70) <0.001
0.778

1.07 (0.67-1.72) <0.001
0.774

143 (0.62-3.30) <0.001
0.400

0.48 (0.39-0.59) <0.001
<0.001

1.11 (0.41-3.00) <0.001
0.843

1.54 (1.15-2.06) <0.001
0.004

1.39 (0.42-4.68) <0.001
0.592

0.71 (0.59-0.86) <0.001
<0.001

1.27 (0.87-1.86) <0.001
0215

CCvs. CT+TT

OR (95% CI) Py
P

0.87 (0.76-1.00) <0.001
0.055

0.87 (0.76-1.00) <0.001
0.055

0.69 (0.51-0.94) 0.387
0.018

0.83 (0.39-1.80) <0.001
0.643

1.41 (0.60-3.32) <0.001
0428

0.98 (0.67-1.44) 0.227
0.924

0.90 (0.29-2.87) <0.001
0.863

1.43 (0.85-2.39) <0.001
0.177

0.90 (0.58-1.40) <0.001
0.637

0.60 (0.35-1.04) <0.001
0.067

1.42 (0.81-2.49) <0.001
0223

0.59 (0.42-0.84) <0.001
0.003

0.78 (0.60-1.02) <0.001
0.064

0.88 (0.76-1.04) <0.001
0.126

0.75 (0.45-1.27) <0.001
0.290

0.97 (0.70-1.35) 0.017
0.858

1.09 (0.63-1.89) <0.001
0.751

0.78 (0.51-1.22) <0.001
0.276

0.79 (0.56-1.13) <0.001
0.200

0.82 (0.66-1.01) <0.001
0.066

1.03 (0.73-1.44) <0.001
0.880

0.82 (0.55-1.20) <0.001
0.303

0.90 (0.58-1.40) <0.001
0.637

1.42 (0.81-2.49) <0.001
0223

0.53 (0.45-0.63) <0.001
<0.001

1.85 (1.01-3.41) <0.001
0.047

1.32 (1.12-1.56) <0.001
0.001

1.77 (0.91-3.44) <0.001
0.091

0.77 (0.66-0.90) <0.001
0.001

1.12 (0.87-1.45) <0.001
0.374





OEBPS/Images/fonc-12-980897-g007.jpg
Study %
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Cote (2009) : —— 3.12(2.18,4.47) 26.07
I
I
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I
Subtotal (l-squared =84.1%, p = 0.000) 1.74 (1.07, 2.84) 100.00
Overall (I-squared =84.1%, p = 0.000) 1.74 (1.07, 2.84) 100.00
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224 1 4.47





